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INTRODUCTION

During my internship at Jan de Nul | worked at two different projects. One project was in
Kaohsiung, where | worked most time of my internship. When my internship started the project
was already halfway and | worked there until the end of the project. The second project was in
Mailiao, this was a small project and | worked there from the beginning. During my time in
Kaohsiung | already learned a bit about the base station, but of course | wasn’t there during the
set-up of the base station. In Mailiao | had to set up the base station.

For the Standard of Competence reports we had to choose three different subjects. Two
subjects needed to be from the document with all the SOC subjects and one subject you could
choose yourself. The subject for this report | chose myself? | chose this subject because the
base station is one of the most important setups you need before you can do a survey. During
my time as a trainee | will have to check the base station regularly and | also have to demobilize
and mobilize a base station. | think that at the end of my internship | will have enough
information and results to put in this report.

In this report | will first tell about the set-up of the base station in Mailiao, then about the
problems we had with the base station in Kaohsiung and at last | will talk about errors that
influence the accuracy of a base station.
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1 SETTING UP A BASE STATION

When the project in Kaohsiung was finished we moved all the equipment with us to the new
project in Mailiao. Here we had to set up a base station. Jan de Nul did this project for the 5t
time, so the position of the base station was already known. The position of the base station
was on top of building in the harbour of Mailiao. It was placed close to the tidal gauge.

It was placed on top of a building so there was no disturbance of other buildings or objects and
on that place the signal could reach over the whole harbour.

In the picture below is shown were the base station was placed in reference with the rest of the
harbour.

Image 1 Base station location harbour Mailiao
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1.1 THE BASE STATION EQUIPMENT

We used exactly the same equipment as the equipment used at the project in Kaohsiung. After
we demobilized the base station in Kaohsiung we packed it in boxes and took it with us to
Mailiao.

The devices we used for the base station are explained below.

1 UHF antenna + Trimble GNSS
The Trimble GNSS receives information from the satellites. The UHF antenna transmits the
information it gets from the ADL, which is explained below.

Image 2 UHF antenna + Trimble GNSS

C-nav 3050

The C-nav 3050 is a GPS receiver. It can be used as a rover or base. In this case the CNAV3050 is
used as base. This means it will receive threw the connected GPS antenna (Trimble GNSS)
information from several satellites (GLONAS, GPS, Galileo). With this information the unit can
calculate a current position of the connected GPS antenna. As the unit is used as base the exact
position is known and it will compare the known position to the calculated position. The
difference between the known position and calculated position is outputted as a serial string
from the unit to the ADL.
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ADL

An ADL is a radio modem that can transmits a serial string (text data) over a range of radio
frequencies. The ADL is connected to the C-nav and UHF antenna. The ADL receives the
outputted serial string from the C-nav and transmits this in a way it can be received by the
antennas on board of the survey vessel and the Charles Darwin.

UPS (uninterruptable power supply)

An UPS is a battery, which makes sure the base station will never stop working. The battery is
connected to a power source so the battery will not run out of charge. When the power source
stops working the base station will still work because the battery has saved power.

Image 3 Equipment base station
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1.2 SETTINGS

During the installation of the base station you need to fill in the coordinates of the base station.
This is the 5™ time the project needed to be done and the base station was placed at the same
position as previous times. The coordinates used previous years should not have changed so we
filled in the coordinates used last year. In the picture below the position we filled in is shown.
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Image 3 Settings base station

After filling in the coordinates an internal Renix logging was started. The next day we came back
and uploaded the loggings of the time it was on. You can send the logged data from the base
station to a company or government organization that will calculate the exact position of the
base station. We send the logging to AUSPOS. AUSPOS Online GPS Processing Service uses
International GNSS Service (IGS) products to compute precise coordinates in ITRF anywhere on
Earth and GDA94 within Australia.

24 hours after the logging is done you can send it to AUSPOS. This is because all the satellites
used need to go past the location again. The company uses the information it gets from all
those satellites to calculate the position of the base station. On the next page you see the
report AUSPOS send us.
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Image 5-6 Report AUSPOS
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In this report the Cartesian and Geodetic coordinates given. The positional uncertainty of the
longitude, latitude and height are also given in this report.

After receiving this report we went back to the base station and filled in the new coordinates.
We used the geodetic coordinates.
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Image 7 Settings base station

The base station sends the difference between these coordinates and the coordinates received
by the satellites. The difference between these coordinates is called the RTK correction. The
survey vessel and the Charles Darwin receive these RTK corrections.
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2.1

2.2

BASE STATION IN KAOHSIUNG

In Kaohsiung the harbour and a little part outside the harbour had to be dredged. To get a
position in the whole harbour was quite difficult. In length the harbour was about 11 km long.
First they only installed a Base Station in the middle of the area. They had to start dredging in
the area just outside the harbour, they noticed in that area was no RTK correction received. It
was decided to install the Base Station at a new location. On the position of the first base
station a repeater was installed.

FIRST BASE STATION

The first base station was installed on top of a dock close to the tidal metre.

They started dredging in area G, which is outside the harbour (on the picture it’s the area at the
left side). The signal of the base station couldn’t reach to area G. At the port mouth there were
two mountains and the signal couldn’t reach over the mountains. That’s why in that area they
couldn’t get a RTK fix. Since the base station and after that the repeater was placed on a dock,
the steel can cause multipath errors. What multipath errors are will be explained in the
following chapter.

In the pictures below you can see where the base station was installed first and how it looked.

Image 8 Harbour of Kaohsiung

SECOND BASE STATION AND REPEATER

Because they couldn’t get the position signal to reach to area G, they installed the base station
at a different place. They installed it closer to the end of the harbour and at a place so it could
reach through the two mountains. The base station was place on top of a hotel. The left yellow
pin is the place of the new position of the base station. Now the base station could reach area
G, but the signal couldn’t reach all the way to the other side of the harbour.
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That’s why they installed a repeater. The repeater was placed at the position where first the
base station was placed. In the picture this is the right yellow pin.

Image 9 Harbour Kaohsiung dredging area

Image 10-11 Base station
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Image 12-13 Repeater

A repeater consists out of two UHF antennas, one that receives and transmits the tide and one
that receives and transmits the RTK corrections. In the picture on the next page you will also
see there was placed a GPS antenna. The GPS antenna had no use after it became the repeater
instead of the base station.
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3 ERRORS

Errors in the received GPS signal can result from various sources. There can be one error source
or a combination of two or more. These errors result in a reduction in the accuracy obtained.
The major error sources are listed below.

Multipath errors

Multipath is a phenomenon in the physics of waves where a wave from the source (satellite)
travels to a receiver (antenna) via two or more paths. The multipath signals, reflection delayed
signals, not only confuse the receivers’ calculations but it also can cause a wave interference
with the direct signal. This will result in a confused or noisy result. This can be caused by high
buildings, mountains, steel and other objects. Multipath signals should be rejected by the
receiver, if not it may result in an inaccuracy of the calculated position.

Image 14 Multipath
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Atmospheric and lonospheric errors
These errors can be caused when the signal from the satellite passes through the ionosphere

and troposphere.

The ionosphere is characterised by high ion density and starts at 70-80 km above the Earth’s
surface. The troposphere is characterised by containing the greatest mass of air and almost all
of the water vapour. The troposphere is in the lower part of the atmosphere, at the poles it
stretches form the ground level to 9 km and at the equator to 16 km.
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The ionosphere includes the thermosphere and parts of the mesosphere and exosphere. It is
ionized by solar radiation and plays an important part in atmospheric electricity. It forms the
inner edge of the magnetosphere. It is an important part of the atmosphere because it
influences radio propagation to distant places on Earth.

Base Station
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Because of the high ion density in the ionosphere the satellite signals will get delayed in this

area of the atmosphere. In the ionosphere atomic oxygen and nitrogen predominate under
very low pressure. The chance of refraction in the ionosphere increases with the density of
free-moving electrons. So when there a more electrons moving in the ionosphere the

electromagnetic waves will have a greater change at refracting.
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Image 17 lonosphere
The troposphere experiences complex and volatile changes in pressure, temperature, density
and humidity due to the interaction of weather systems. All these things can also cause the

satellite signal to get delayed.
In the troposphere there can appear atmospheric ducts. An atmospheric duct is a horizontal

layer in the atmosphere. The duct limits the spread of a signal to only the horizontal dimension
These ducts will usually occur in the lower layers of the earth’s atmosphere. Here the waves

will be bent by atmospheric refraction.
The picture below shows how an atmospheric duct works. The signals will be trapped in the

atmospheric duct.
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Satellite Clock Bias errors

The atomic clocks within the satellite have minute discrepancies in accuracy. Although the
atomic clocks are very accurate these very small discrepancies can result directly into signal
travel time measurement errors. Clock errors can degrade the calculated position by 1-5
metres.

Positional errors

The exact position of every orbiting satellite within a positioning system is constantly being
monitored but very small positional errors do take place. These minute errors can occur
between the specific monitoring periods and may result in small inaccuracies within the
calculated position leading to errors in the order of approximately 2-5 metres.

Geometric Dilution of Precision (GDOP)

The GDOP is the effect on position error by the distribution of the satellites being tracked by a
GPS receiver. Wider spread satellites will result in a smaller position error, but if the elevation
of these satellites is low they will produce poor vertical position, which can affect the
determination of the latitude.

GOOD GDOP POOR GDOP

Image 19-20 Good/bad GDOP

Good quality receivers have the ability to determine which combination of satellites gives the
best possible calculated result.

The receiver we used at the projects in Taiwan had this ability.

Base Station
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L EPILOGUE

During my internship at Jan de Nul | found this subject one of the hardest to understand. A base
station has different receivers and transmitters and just in general quite a lot of devices. | did
find this subject very interesting, especially how the atmosphere works and how it can
influence the accuracy of a base station. A base station is a very important structure to have at
a project, because without one you do not have an accurate position

| think with making this report | learned a lot and | do not find the subject that hard anymore.
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